In a previous work, we established the closet form of the potential generated by a massive inhomogeneous straight segment. We studied the dynamical behavior in the field of this segment at rest. Now, we plane to explore the case where the segment is in rotation around the axis perpendicular to the plane of study. We prove the existence of collinear and isosceles points of equilibrium. Their stability depend both on the rate of rotation as on the parameter governing the mass distribution of the parabolic profilE of density.
I. INTRODUCTION
Many ways and methods were used to model the potential of irregular bodies. The main target for this is to study gravitational behavior, equilibrium and stability of a test particle around them. This subject is in fact an old/new one [1, 2] . The discoveries of binary asteroids have opened this important field of research. Space missions to minor bodies in the solar system have piqued new interest in this subject. Many attempts have been made to estimate the potential. A harmonic polyhedron was used by Werner and Scheeres for asteroid 4769 Castalia [3, 4] . Ellipsoids, material points and a segment of double material were used by Bartczak and Breiter in [5] and Bartczak et al., [6] , as the model of irregular elongated bodies. Riaguas et al., [7] proposed a homogeneous straight segment. Ellipe and Lara [8] described the motion around asteroid 433 Eros with the same homogeneous model. In a former work in our laboratory Najid et al., [9] studied and developed a new model in which we established the analytically closed expression of the potential generated by a massive inhomogeneous straight segment at rest. To be consistent with the geometrical shape, we used a parabolic profile of mass distribution. In our present work, we explore the case in which the inhomogeneous segment is rotating around an axis perpendicular to the plane of motion. In the first part, we establish the set of differential equations of motion in the synodical referential and we define the effective potential. The second part is devoted to the points of equilibrium, we prove the existence of two collinear points and isosceles others. In the third part, we study the linear stability. All over this work, we compare our results to the particular cases of homogeneous study made by Ellipe et al., [10] we prove the existence of two kinds of equilibrium depending on the rate of rotation, concerning the isosceles points, and the parameter governing the mass distribution of 
II-Dynamical Study
We consider an inhomogeneous straight segment of length 2I and mass M which lies along the x-axis, with a parabolic profile of density, expressed by by this one dimensional body at a certain point P in the space may be expressed in closed form [9] 
as s = r 1 + r 2 , d = r 1 r 2 and p = r 1 .r 2 , are auxiliary functions depending only on distances r 1 and r 2 of the particle to the end points of the segment. G is the gravitational constant. We suppose that the segment uniformly rotates with angular velocity about the Z-axis perpendicular to the segment and fixed in the space. We study the motion of a test particle P, with unit mass, in a synodic reference frame (Oxyz), with origin at the center of mass O as shown in Fig. (1) .
The Newton law in synodical referential R yields
The projection of (2) in the synodical referential gives 
By defining an effective potential W, we get
In which U (x, y, z) is expressed by (1) . The system (3) then becomes
sions (1) and (4) give 
II-2-Equations of Motion
By substituting (7), (8) and (9) in the system (5), we obtain the equations of motion of the test particle
The case of homogeneous profile of density, a=0, lead to the equations
The use of the following scaling t = t and r = r 2l , and
defined by the ratio of the gravitational acceleration to the centrifugal acceleration give the particular case as in [10] . The inhomogeneous straight rotating segments (10), (11) and (12) are strongly non linear and coupled. It needs a deep numerical treatment. In fact, it is out of question to plan to work it out in an analytical way.
III-THE EQUILIBRIA
The dynamical system defined by equations (5) Fig. (2) . We notice that we have four equilibrium positions: two of them, E 1 and E 2 , are hyperbolic located along the x-axis and the two others, E 3 and E 4 , are elliptical located along the y-axis. (10) and (11) The equilibrium positions depend on the parameters a and . For a given rate of rotation ( = cte ) and by varying the value of a , which act as a parameter of the profile of the density of the inhomogeneous straight segment, we establish the Table (1) . We deduce after a close insight that when the gravitation is stronger the equilibrium positions along the yaxis are farthest; this is to balance the centrifugal effect. In contrary, the equilibrium positions along x-axis are less concerned. We can check the concordance with the values of homogeneous segment as in [10] .
For a given value of a, and by varying the values of , we have the Table 2 . We notice that when increases the two kinds of equilibrium positions become closer to the segment. This can be interpreted as an effect to balance the gravitation. Fig. (3) . Shows the effect of both gravitation and rotation on the equilibrium positions.
IV-LINEAR STABILITY
In order to determine stability of the equilibrium points found above, one needs the variational equations of the system (5). We define a vector = x, y, x, y ( ) as the variations of the vector space phase and the vector derivation = x, y, x, y ( ) [11] . The variational equations of the system (5) give: 
IV-1-STABILITY OF THE COLLINEAR EQUILIBRIA E 1 AND E 2
The problem is symmetric, the stability of the point E 1 is the same as its symmetric E 2 . The numerical results which appear in Tables (3) , (4), and (5), show that for every inhomogeneous body a 0 there is a critical value c , for which if < c all eigenvalues have null real part, hence the collinear equilibria are stable, and they are unstable for > c . The Table ( 6) corresponds to the homogeneous body a = 0, we notice that the collinear equilibria are always unstable as in [10] . The problem is symmetric, the stability of the point E 3 is the same as its symmetric E 4 . The numerical results which appear in Tables (7), (8) and (9), show that for every inhomogeneous body a 0 there is a critical value c , for which if < c all eigenvalues have null real part, hence the isosceles equilibria are stable, and they are unstable for > c .
The table (10) shows the results of the particular case as in [10] . 
CONCLUSION
On this work we studied the gravitational behavior of a particle of unimportant mass in the field of an rotating inhomogeneous straight segment. The segment is modelised by a parabolic profile of mass density. For the analytical expression of the potential we found four positions of equilibrium, two of them are collinear located along the axis of the segment, they are hyperbolic. The two others are isosceles located symmetrically with respect to the segment along its mediatrix, they are elliptical. The new result concerning this analytical potential for the inhomogeneous segment, corresponds to the stable region for the collinear points. That is the difference in the cas of homogeneous segment as in [10] . This situation could explain the existence of halo around the segment like Gegenschein effect [12] .
The main interest to study the location of equilibrium points is similar to that of Lagrangian points in three body problem. To explore irregular bodies, it is an opportunity to have equilibrium positions around them. In this way many spatial missions, like NEAR and ROSETTA were fulfilled by space agencies such as ESA and NASA [13] and [14] . As an extension of this work, we are planing to explore the case of a more detailed mass distribution. In fact many asteroids are far of a regular or symmetrical shape.
